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DATA RECORDER FOR MULTIPLE MEDIA 
FORMATS 

BACKGROUND AND SUMMARY 

The present data recorder is directed generally to recording 
data on removable cartridges and more speci?cally to record 
ing data on removable cartridges having different media for 
mats. 

The present data recorder is directed to providing a gener 
aliZed system and method for enabling the disassociation of 
media type in a processing, storage, and retrieval system to 
adapt to any storage media. In accordance With exemplary 
embodiments, a framework for such a system is based on 
physical, electrical, and softWare disassociation of the spe 
ci?c media via media-independent electrical connectivity, 
media description messaging and categoriZation. 

The present data recorder includes an I/ O port for receiving 
data to be stored and outputting data to be read; and a car 
tridge including individual media devices contained in a 
media storage and a media processor connected to the media 
storage. The media processor includes media capability data 
Which is speci?c to the media storage. A host processor is 
connected to the I/O port. A bus connector removable con 
nects the cartridge to the recorder, and the data processor and 
the host processor are connected to the connector by a Path 
Way Bus. When the cartridge is connected to the connector, 
the media capability data is transmitted from the media pro 
cessor to the host processor and the host processor commu 
nicates data With the media processor as a function of the 
received media capability data. 

The media capability data may include one or more of 
average sustained read and Write rate, burst block-buffer read 
and Write rate, burst block-buffer read and Write depth, bulk 
erase capability and total storage capacity. The host processor 
transmits commands to the media processor and the media 
processor transmits status to the host processor. The host 
processors commands may include one or more of Write data 
block to ?le, read data block from ?le, bulk erase of media; 
and eject media. The media processor status may include one 
or more of action ID, action complete, media inactive and 
media present. The host processor commands may also 
include delete ?le, create ?le, rename ?le and set ?le proper 
ties and the media processor transmits one or more of direc 
tory listing and ?le properties. 

The data recorder may include a plurality of cartridges 
each having the same or different media storage types; and 
Wherein the media processor is programmed to control and 
communicate With the speci?c media type or types in the 
cartridge and to communicate With the host processor in a 
consistent manner regardless of the media type contained 
Within the cartridge. 

The connector may include multiple PathWays Buses and 
the host and media processor having either unidirectional or 
bidirectional modes of communication. In the bidirectional 
mode, one bus is used for communication in one direction and 
the other bus in the opposite direction simultaneously. In the 
unidirectional mode, both buses operate for communication 
in the same direction simultaneously. 

The data recorder may include a second cartridge having a 
media storage and a media processor containing media capa 
bility information connected to the media storage. A second 
bus connector removable connects the second cartridge to the 
recorder and the second media processor to the ho st processor 
by the PathWay Bus. 

The cartridge may include a plurality of media storages 
connected to a respective media processor; and the media 
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processor being connected to the bus connector. The media 
cartridge includes poWer and data buffers capable of meeting 
requirements of the media storage in the cartridge. The 
requirements of the media storage include but are not limited 
to Write latencies, spin-up, spin-doWn, thermal Warm-up, and 
phase change stabiliZation. 

Other objects, advantages and novel features of the present 
invention Will become apparent from the folloWing detailed 
description of the invention When considered in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a data recorder for 
a single cartridge With a single media storage according to the 
present disclosure. 

FIG. 2 is a schematic representation of a data recorder for 
a plurality of cartridges With media storage for the same 
format according to the present disclosure. 

FIG. 3 is a schematic representation of a data recorder for 
a plurality of cartridges With media storage for different for 
mats according to the present disclosure. 

FIG. 4 is a schematic representation of a data recorder for 
a plurality of ?ash media storages communicating With the 
host via a single media processor according to the present 
disclosure. 

FIG. 5 is a schematic representation of a data recorder for 
a plurality of ?ash media storages communicating With the 
host individually according to the present disclosure. 

FIG. 6 is a schematic representation of a data recorder for 
a plurality of disk media storages communicating With the 
host via a single media processor according to the present 
disclosure. 

FIG. 7 is a schematic representation of a data recorder for 
a plurality of cartridges each With ?ash media storages 
according to the present disclosure. 

FIG. 8 is a schematic representation of a data recorder for 
a plurality of cartridges each With disk media storages accord 
ing to the present disclosure. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As illustrated in FIG. 1, the present data recorder 10 
includes a host system 20 and a media system 30. The host 
system 20 has a standard I/O port 22 for receiving data to be 
stored and outputting data to be read and host or PathWay 
system processor 24 connected to the I/ O port 22. The media 
system or cartridge 30 includes a media storage 32 and a 
PathWay media processor 34 connected to the media storage 
32. The media processor 34 includes media capability data 
Which is speci?c to the media storage 32. A PathWay Bus 40 
includes a pair of connectors 44 and 48 removable connecting 
the cartridge 30 to the host system 20. The host processor 24 
and the media processor 34 are connected to the connectors 
44 and 48 by a PathWay Buses 42 and 46 respectively. When 
the cartridge 30 is connected to the connector, the media 
capability data is transmitted from the media processor 34 to 
the host processor 24 and the host processor 24 communi 
cates data With the media processor 34 as a function of the 
received media capability data. 

Illustrated in FIG. 2 is a data recorder 10 Where in the host 
system 20 supports a plurality of a media systems or car 
tridges 30A . . . 30N. The PathWay Bus 40 includes a plurality 

of pair of connectors 44A . . . 44N and 48A . . . 48N removable 

connecting the cartridges 30A . . . 30N to the host system 20. 

Each cartridge includes a media storage 22 and a media 
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processor 24 as in FIG. 1. The media storage 22 may be of the 
same format or type in FIG. 2 or of different formats or types. 
A speci?c example of different media storage formats or 
types is shoWn in FIG. 3. Media storage 32A is for example 
one or more disk drives, media storage 32] is for example an 
optical drive and media storage 32N is for example a ?ash 
memory array. 

The present data recorder provides a storage system that is 
independent of media storage type. It automatically recog 
niZes the media type and presence. It can expand synchronous 
port Width and/or storage depth via multiple cartridges. It 
disassociates the ?le system and the media storage from the 
host system. 
A storage system that is independent of media type is 

achieved by a uniform interface betWeen the host and media 
systems that isolates or disassociates physical, electrical, and 
procedural properties of the media from the host system. 
Physical isolation is provided through the logical isolation of 
the media system from the media components via separate 
module(s) assemblies or sub-modules, or separate printed 
circuit boards (PCB), or separate region(s) of a PCB, or 
separate chassis and/ or racks.A consistent electrical interface 
is provided regardless of media type. Electrical isolation is 
provided via a consistent connection interface or PathWay 40 
that is used for all media types and provides poWer, a data read 
bus, a data Write bus, a command bus, and a status bus. The 
data read, data Write, command and status may also be com 
municated over a single bus as part of a common transmission 
or packet transfer. The bus or PathWay 40 may be serial or 
parallel in implementation and the communication data rate 
can be negotiated upon connection. 

Procedural disassociation is provided via a consistent mes 
saging interface that enables data transfer and command/ 
status operations to occur in a means that is independent of 
media type. This procedural disassociation consists of mul 
tiple types of messages betWeen the host and media systems 
including but not limited to: 

Media Capability Query Messages 

Average sustained Write rate 
Burst block-buffer Write rate 
Burst block-buffer Write depth 

Average sustained read rate 
Burst block-buffer read rate 
Burst block-buffer read depth 

Bulk erase capability Total storage capacity 
Media Action Messages 

Write Data Block to File Read Data Block from File 
Bulk erase of media Eject data 

Media Status Messages 

Action ID Action Complete 
Media Inactive Media Present 

File Query Messages 

Directory Listing 
File properties 

File Action Messages 

Delete File Create File 
Rename File Set File Properties 

Automatic recognition of media type is achieved by the 
media processor 34 providing the host processor 20 media 
capability data appropriate for the speci?c properties of the 
media type. This maybe transmitted by the media processor 
34 When it is connected to the host system 20 or When infor 
mation is queried from the media system 30 by the host 
system 20. HoWever, each media processor 34 is designed to 
speci?cally accommodate the characteristics of the media 
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4 
Within the media storage 32 so that the host system can 
operate independently and normally in ignorance of the spe 
ci?c details of the media. In this Way the media system 30 
provides the buffering necessary to disassociate the media 
requirements from the host system 20. The media system 30 
provides a consistent interface to the host system 20 regard 
less of the media type. Therefore the media system 30 pre 
sents only an idealiZed linear media to the host system 20, by 
internally handling all procedural requirements to Write or 
read to or from the data. 
The present recorder 10 provides means to increase system 

bandWidth by increasing the number of media systems as 
illustrated in FIGS. 2, 3, 7, and 8. Each media system 30 is 
completely independent and contains the same or different 
types of media than the other media systems. Using the same 
type of media in tWo separate media systems, the increase to 
system bandWidth is tWice that of the single media system. 
Each media system 30 can be populated With its oWn media 
type to meet speci?c requirements such as bandWidth, capac 
ity, or portability. 
The present recorder 10 provides methods for adding 

media systems to the host system 20 to increase the storage 
capacity of the system. PathWay connections 40 betWeen the 
host and storage systems are independent providing for addi 
tional media systems of same or different capacities, as illus 
trated in FIGS. 2, 3, 7, and 8. Multiple media systems 30 
connected to a common host system 20 provide an incremen 
tally higher system capacity. 
The present recorder 1 0 provides for media presence detec 

tion. When the media system 30 is connected to the host 
system 20, the media PathWay processor 34 sends a noti?ca 
tion message to the system PathWay processor 24 With media 
capability information. The presence of media Within the 
media system 30 is initially detected by the PathWay media 
processor 34 Which transfers media capability information to 
the host system 20. The data path betWeen the host system 20 
and media system 30 provides for partial media system popu 
lation providing differing media types to be installed in the 
media storage 32 to meet speci?c requirements. The recorder 
10 also provides a method for media absence by relating 
generic media information from the media system to the host 
system. 
The present recorder 10 provides methods to disassociate 

?le system speci?cs from the data. A generic set of ?le system 
capabilities are provided that are independent of the data. This 
includes the ability to Write to (append) and read from ?les 
contained in the system. The system PathWay processor 24 
requires no knoWledge of the physical location of data ?les on 
the media storage 32 since the ?les are accessed by reference 
to their names (IDs) only. Content Within a ?le is addressed 
via a linear address. All operations on ?les occur via Media 
Action Messages and Media Status Messages. File structures 
and attributes are operated on via File Action Messages and 
File Query Messages. 
The present recorder 10 includes a data buffering system 

and a poWer system siZed to disassociate data dependencies 
including Write latencies, spin-up, spin-doWn, thermal Warm 
up, phase change stabiliZation, among other physical depen 
dencies from the host system. Independent read and Write 
data buffers are provided and siZed to disassociate all physical 
implementation details from the interface. Data buffering 
may be provided for instant-on storage recording, regardless 
of media requirements such as spin-up, thermal Warm-up, 
phase change latency, and so on. Furthermore local electrical 
poWer buffering may be provided to guarantee completion of 
any delayed Write operations. Read-ahead buffering can be 
incorporated to disassociate retrieval latencies. 
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The present recorder 10 provides for doubling the through 
put between the host and media systems. A bi-directional 
mode is used in applications requiring simultaneous reading 
and writing between the host and media systems. In bidirec 
tional mode, the Pathway Bus 40 is comprised of two com 
pletely independent buses with one bus carrying data from the 
host system 20 and the other bus carrying data to the host 
system 20. A separate unidirectional mode provides twice the 
throughput in a single direction at one time. In this mode, data 
can be transferred either to the host system 20 or from the host 
system 20 but not simultaneously. The dual independent Path 
way Buses used in the bidirectional mode can be dynamically 
reassigned to operate in only one direction at a time in the 
unidirectional mode. 

The Pathway Bus 40 is always high-speed however the 
speci?c bit width or clock speed can be increased or 
decreased to meet the needs of the media system 30. The 
Pathway Bus 40 may be a parallel system which can be 
con?gured as two independent sixteen-bit buses of which one 
can be streaming data to the Media system 30 while the other 
is streaming media from the Media system 30, or they can 
both be headed in the same direction for optimal recording 
and playback speeds. See for example FIGS. 4 and 6. An 
alternative approach could include four eight-bit buses, as 
illustrated in FIGS. 5, and 7. The key to the design is the 
nature of the Pathway Bus 40 which transmits and receives 
data between two powerful circuits as opposed to the 
approach taken by existing recorders in which the path 
between the processor and media is a type of media control 
circuit. 

The distributed processing architecture between the host 
system 20 and media system 30 is represented by the square 
FPGA depiction(s) on the Media Controller Board 30 of 
FIGS. 4-8. The host processor 24 is connected to the media 
processor 34 via a removable connector of which half 44 is 
mounted on the host system 20 and half 48 is mounted on the 
Media Controller Board 30. Media Controller Boards 30 
transmit and receive data in a consistent fashion independent 
of media type as the media controllers 34 are built-in to the 
media tray and programmed for a speci?c media type. The 
number of processors in the media system 30 can vary 
depending on volume and type of media being controlled. For 
example, a ?ash based media system with 576 ?ash devices 
requires four controllers (including the Pathway Circuit that 
interfaces to the system processor) as illustrated in FIGS. 4, 5, 
and 7. However, an eight-disk media system only requires one 
controller chip plus the Pathway Circuit, as illustrated in 
FIGS. 6, and 8. 
An advantage of the present recorder 10 is the lack of user 

interaction required to con?gure different media systems 
within a recorder. The electronics are con?gured for the 
media type without the need for the user to provide any 
additional information. Options to the user may be provided 
but the system must be able to con?gure itself without any 
user interaction if need be. 

FIG. 4 shows a Pathway Bus 40 using dual sixteen-bit 
parallel data paths between the processors and Pathway Cir 
cuit. The data path can be any clock rate or bit width. This 
example includes ?ash as the media 32. 

FIG. 5 shows a Pathway Bus 40 using quad eight-bit par 
allel data paths between the processor and Pathway Circuit. 
Other instantiations include serial connections or connec 
tions as shown below in which each FPGA 34A-34D is also a 
Pathway chip but located in the same or separate trays. This 
example also uses ?ash media 32A-32D. 

FIG. 6 shows a Pathway Bus 40 using dual sixteen bit 
parallel data paths between the processors and Pathway Cir 
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6 
cuit. This example uses disk media 32A and 32B. The data 
speci?c interface circuitry 36A and 36B is between the media 
processor 34 and the media storage 32A and 32B. 

FIG. 7 shows a Pathway Bus 40 using quad eight-bit par 
allel data paths with connections 40E and 40F between the 
processors and Pathway Circuits using a dual-cartridge con 
?guration 30E and 30F. This example uses ?ash media 32E 
and 32F having Media processors 34E and 34F. 

FIG. 8 shows a Pathway Bus 40 using dual sixteen bit 
parallel data paths between the processors and Pathway Cir 
cuit. This example shows the Pathway Bus 40 in a dual car 
tridge con?guration 30E and 30F with disk media 32E and 
32F. The data-speci?c interface circuitry 36E1,2, and 36F1, 2, 
is between the media processor 34E and 34F and the media 
storage 32E and 32F. The example shows two Media car 
tridges 30E and 30F but any speci?c number of cartridges 
may be used as their connection can be made locally or over 
cabling throughout a rack system. 

Although FIG. 7 shows a ?ash media and FIG. 8 shows a 
disk media a combined ?ash and disk cartridge can be 
inserted into the same recorder using Pathway connectors 
40E and 40F. Additionally, a single tray can include multiple 
types of media using a single Pathway connector to interface 
to the host system. 
The Pathway Bus 40 is independent of the type of media 

contained within the Media system 30. The Pathway Bus 40 
is capable of handling variable payload siZe, variable data 
rate, and variable bus width. The Pathway Bus 40 differs from 
other peripheral systems in several distinctive ways. Both 
sides of the Pathway Bus 40 include processors that are not 
tied to any speci?c type, interface, or form of data. The 
Pathway Bus 40 provides connection to any media type that 
can be housed within the media system 30 while the host 
processor 24 has no knowledge of the media-speci?c data. 
The Pathway Bus 40 changes behavior in response to changes 
in con?guration. Unlike peripheral interfaces such as SATA 
or lDE, the Pathway Bus 40 varies bus width, payload siZe, 
block transfer siZe, and bandwidth depending on the required 
performance and the speci?c media incorporated into the 
media system 30. 

Although the present recorder has been described and illus 
trated in detail, it is to be clearly understood that the same is 
by way of illustration and example only, and is not to be taken 
by way of limitation. The scope of the present invention are to 
be limited only by the terms of the appended claims. 

What is claimed: 
1. A data recorder comprising: 
an I/O port for receiving data to be stored and outputting 

data to be read; 
a cartridge including a media storage and a media proces 

sor connected to the media storage; 
the media processor including media storage capability 

data which is speci?c to the media storage; 
a host processor connected to the I/O port; 
a removable bus connector connecting the cartridge to the 

recorder; and 
a pathway bus connecting the connector to the media pro 

cessor and the host processor 
wherein, when the cartridge is connected to the connector, 

the media storage capability data is transmitted from the 
media processor to the host processor and the host pro 
cessor communicates data with the media processor as a 
function of the received media storage capability data, 

wherein the media processor is con?gured to accommo 
date a speci?c type of media storage that it contains so 
that the host processor operates independently of spe 
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ci?c requirements of the media storage and data being 
transferred from the media storage, and 

Wherein the media processor is con?gured so that the 
media storage and media processor cooperate to provide 
a consistent interface to the host processor regardless of 
the speci?c media type being utilized in the media stor 
age, such that the data recorder provides physical, elec 
trical, and software disassociation of the media storage 
from processes for recording data in the media storage 
performed by the host processor via media-independent 
electrical connectivity, media description messaging 
and categoriZation. 

2. The data recorder according to claim 1, Wherein the 
media storage capability data includes one or more of average 
sustained read and Write rate, burst block-buffer read and 
Write rate, burst block-buffer read and Write depth, bulk erase 
capability and total storage capacity. 

3. The data recorder according to claim 1, Wherein the host 
processor transmits commands to the media processor and the 
media processor transmits status to the host processor. 

4. The data recorder according to claim 3, Wherein the host 
processor commands include one or more of Write data block 
to ?le, read data block from ?le, bulk erase of media; and eject 
media. 

5. The data recorder according to claim 3, Wherein the 
media processor status includes one or more of action ID, 
action complete, media inactive and media present. 

6. The data recorder according to claim 3, Wherein the host 
processor commands include delete ?le, create ?le, rename 
?le and set ?le properties and the media processor transmits 
one or more of directory listing and ?le properties. 

7. The data recorder according to claim 1, including a 
plurality of cartridges each having a different media storage 
type; and Wherein the media storage is programmed to control 
and communicate With the speci?c media storage type in the 
cartridge and to communicate With the ho st processor as other 
media processors communicate With the host processor. 

8. The data recorder according to claim 1, Wherein the 
connector includes tWo pathWays buses and the ho st and 
media processor have a unidirectional and bidirectional 
modes of communication; in the bidirectional mode, one bus 
is used for communication in one direction and the other bus 
in the opposite direction simultaneously and in the unidirec 
tional mode, both buses operate for communication in the 
same direction simultaneously. 

9. The data recorder according to claim 1, including a 
second cartridge having a media storage and a media proces 
sor having media storage capability data and connected to the 
media storage; and a second bus connector removable con 
nects the second cartridge to the recorder and the second 
media processor to the host processor by the pathWay bus. 
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10. The data recorder according to claim 1, Wherein the 

cartridge includes a plurality of media storages connected to 
a respective media processors; and the media processors 
being one of connected to the bus connector individually and 
connected to the bus connector via one of the media proces 
sors. 

11. The data recorder according to claim 1, Wherein the 
cartridge includes data buffers and poWer system capable of 
meeting requirements of the media storage in the cartridge. 

12. The data recorder according to claim 11, Wherein the 
requirements of the media storage includes one of Write laten 
cies, spin-up, spin-doWn, thermal Warm-up, and phase 
change stabiliZation. 

13. A data recorder comprising: 
an I/O port for receiving data to be stored and outputting 

data to be read; 
a cartridge including a media storage and a media proces 

sor connected to the media storage; 
the media processor including media storage capability 

data of at least data processing rate and data storage 
capacity and Which is speci?c to the media storage; 

a host processor connected to the I/O port; 
a removable bus connector connecting the cartridge to the 

recorder; and 
a pathWay bus connecting the connector to the media pro 

cessor and the host processor, 
Wherein, When the cartridge is connected to the connector, 

the media storage capability data is transmitted from the 
media processor to the host processor and the host pro 
cessor communicates data With the media processor as a 
function of the received media storage capability data, 

Wherein the media processor is con?gured to accommo 
date a speci?c type of media storage that it contains so 
that the host processor operates independently of spe 
ci?c requirements of the data being transferred from the 
media storage, and 

Wherein the media processor is con?gured so that the 
media storage and media processor cooperate to provide 
a consistent interface to the host processor regardless of 
the speci?c media type being utiliZed in the media stor 
age, such that the data recorder provides physical, elec 
trical, and softWare disassociation of the media storage 
from processes for recording data in the media storage 
performed by the host processor via media-independent 
electrical connectivity, media description messaging 
and categoriZation. 

14. The data recorder according to claim 13, Wherein the 
media storage capability data further includes one or more of 
average sustained read and Write rate, burst block-buffer read 
and Write rate, burst block-buffer read and Write depth, bulk 
erase capability and total storage capacity. 

* * * * * 


